To investigate alterations in immune responses after transhiatal versus transthoracic esophageal resection and to evaluate the role of preoperative immune functions in predicting postoperative infectious complications.
Objective
To investigate alterations in immune responses after transhiatal versus transthoracic esophageal resection and to evaluate the role of preoperative immune functions in predicting postoperative infectious complications.
Summary Background Data
Impaired immune defense is associated with a decreased resistance to infection. Patients undergoing esophageal resection via a transhiatal or transthoracic approach are prone to develop infectious complications. There are no randomized data on immune responses after two major surgical interventions.
Methods
The study group consisted of 20 patients who were randomly allocated to a limited transhiatal or extended transthoracic esophagectomy for cancer. Blood samples were taken before the operation and at regular intervals thereafter from day 1 to day 10. Monocyte and T-helper type 1 (Th1) and type 2 (Th2) lymphocyte functions were assessed in stimulated whole blood cultures.
Results
Both surgical groups had severely depressed in vitro production of interleukin (IL)-12, IL-10, interferon-␥, IL-2, IL-4, and IL-13 on postoperative day 1. Depression of Th2-type cytokine production was more profound after transthoracic than after transhiatal esophagectomy (IL-4, P ϭ .005; IL-13, P ϭ .007). Postoperative reduction in Th1-type cytokine production was similar between the two groups (interferon-␥, P ϭ .40; IL-2, P ϭ .06). Irrespective of the surgical approach, patients who developed major infectious complications after surgery presented with a diminished T-cell cytokine production before the operation compared to those who had a relatively uneventful recovery (IL-4, P ϭ .045; interferon-␥, P ϭ .064). In regression analysis, the occurrence of postoperative major infection was best predicted by increased duration of anesthesia (P Ͻ .0001) and low preoperative interferon-␥ production (P ϭ .006).
Conclusions
Both transhiatal and transthoracic esophagectomy induced severely depressed monocyte and T-lymphocyte cytokine production. The extent of the surgical procedure had a differential immunosuppressive impact on Th2-type but not on Th1-type cell activity, indicating that the two Th pathways were downregulated through distinct mechanisms. Preoperative interferon-␥ determination would be useful to anticipate the occurrence of postoperative major infectious complications.
Immune responses following minor and major surgical trauma have been investigated and usually involve various degrees of downregulated cellular immunity. [1] [2] [3] Evidence suggests that impaired immune functions are associated with increased susceptibility to infectious complications after host injury. 4 -8 In recent years, it has become clear that an effective immune response against infection is largely dependent on the activation of two functionally distinct subsets of mature T-helper (Th) cells. 9, 10 The acquisition of either a Th1-type or a Th2-type immune response can be recognized on the basis of discernible patterns of cytokine secretion. Th1 cells secrete interferon (IFN)-␥ and interleukin (IL)-2, whereas Th2 cells produce IL-4 and IL-13. Cytokines can regulate T-lymphocyte sub-set development. 11, 12 IL-12 is an important Th1-type stimulus and promotes IFN-␥ production. IFN-␥ counterregulates a Th2-type response. Conversely, IL-4 induces Th2 polarization and inhibits Th1 development. Distinct effector functions have been outlined for the two polarized immune responses, although the existence of multiple overlapping mechanisms has been stressed. 13 In patients with esophageal cancer, immune responses may be affected by several factors, including the presence of cancer, malnutrition, and surgical trauma when undergoing resection. Postoperative morbidity rates of esophagectomy have decreased over the last decades but continue to be substantial. 14, 15 Interim results of a randomized trial comparing the transhiatal approach versus a transthoracic approach with two-field lymphadenectomy for esophageal adenocarcinoma indicated that infectious complications were more frequent after the transthoracic procedure compared to the transhiatal approach. 16 There are no randomized data on immune responses after two major surgical interventions.
In the present study, we investigated the impact of transhiatal versus transthoracic esophageal resection for cancer on postoperative host immune functions. The random allocation of the surgical procedure minimized the potential impact of any confounders such as tumor stage and nutritional status. In addition, the study aimed to investigate whether preoperative immune responses can predict the development of major infection after esophageal surgery for cancer.
METHODS

Patients
Between June 1997 and June 1998, 29 consecutive randomized patients with adenocarcinoma of the esophagus or esophagogastric junction (EGJ) consented to participate in the present study. All patients were scheduled for a potentially curative esophagectomy by either a limited transhiatal or extended transthoracic approach after randomization. Inclusion criteria were age at least 18 years, invasive adenocarcinoma of the middle or distal esophagus or EGJ, and locally resectable disease without distant metastases on preoperative investigation. Exclusion criteria included a history of other malignant disease, increased operative risk (ASA III or IV 17 ), and impossibility of constructing a gastric tube. None of the patients received chemotherapy, irradiation, or immunotherapy before or after the operation. Participation in the study was discontinued in nine patients, either on perioperative administration of glucocorticoids or because of surgical protocol deviations (e.g., splenectomy, limited transthoracic resection, palliative resection, no resection), leaving 20 patients eligible for analysis. The study was approved by the institutional medical ethical committee, and all participants enrolled into the study gave written informed consent.
Operative Procedures
Subtotal esophagectomy with proximal gastrectomy was performed in 10 patients by a transhiatal approach without thoracotomy (THE) and in 10 patients via a right-sided thoracotomy followed by a laparotomy in combination with a two-field lymph node dissection (TTE). Sites of lymph node dissection were described previously. 18 In all patients, a narrow gastric tube was constructed and gastrointestinal continuity was restored by a cervical anastomosis. Each operation was performed by a senior surgeon experienced in both THE and TTE (H.O. and J.J.B. van L.).
Clinical Parameters
On admission to the hospital (2 days before surgery), patients were questioned about food intake and weight loss. Perioperative indices included duration of anesthesia, duration of the operation, and amount of blood loss. Blood transfusion during or after surgery was registered. After the operation, patients were admitted to the intensive care unit (ICU) at least until the following day. Definitions of major infectious complications were outlined in the study protocol and, in brief, included isolation of pathogen from appropriate cultures (pneumonia, thoracic empyema, abdominal abscess), any infection with systemic inflammatory response (sepsis), and clinical evidence of anastomotic leakage (cervical fistula). At the end of the study period, a group with major infectious complications and a group without major infectious complications were identified.
Pathologic tumor staging was done according to the pTNM classification of esophageal carcinoma. 19 To avoid potential differences by stage migration, nodal metastases identified by two-field lymph node dissection were disregarded in postsurgical tumor staging.
Blood Sampling
Peripheral blood samples were obtained 2 days before surgery and on postoperative days 1, 3, 5, 7, and 10. Blood was drawn in EDTA tubes for white blood cell and differential counts and in sterile heparinized tubes for flow cytometry and whole blood cultures.
Flow Cytometry
T-lymphocyte subsets (CD3ϩCD4ϩ, T-helper lymphocytes, and CD3ϩCD8ϩ, cytotoxic T lymphocytes) were quantitated using an automated flow cytometer (FACScan, Becton Dickinson, San Jose, CA). Mouse IgG 1 (Becton Dickinson) was used to estimate the amount of nonspecific binding. Samples were prepared by adding 5 L monoclonal antibody to 100 L heparinized whole blood and left on ice in the dark for 30 minutes. Erythrocytes were then lysed twice, and after the white blood cell pellet was washed, the tubes were placed on ice in the dark until flow cytometric analysis was performed the same day. White blood cell counts were used to convert percentages of positively stained cells to absolute numbers of cells.
Whole Blood Cultures
Whole blood was diluted 1:10 in Iscove's modified Dulbecco's medium (IMDM; Boehringer Ingelheim, Alkmaar, The Netherlands), supplemented with 0.1% fetal calf serum, penicillin (100 IU/mL), streptomycin (100 g/mL), and 15 IU/mL sodium heparin (Leo Pharmaceutical Products, Weesp, The Netherlands) and was cultured in triplicate in flat-bottom 200-L wells (Nunc, Roskilde, Denmark). Diluted whole blood was stimulated with Staphylococcus aureus Cowan I strain (SAC, 0.05% w/v; Calbiochem, La Jolla, CA) for IL-12 and IL-6 determination, or with Neisseria meningitidis-derived lipopolysaccharide (LPS, 1,000 pg/mL; RIVM, Bilthoven, The Netherlands) for IL-10 determination. Supernatants were harvested after 24 hours and stored at Ϫ20°C until tested. For cross-linking of T-cell CD3 and CD28 receptors, diluted whole blood was stimulated with anti-CD3 (CLB-T3/4.E, 100 ng/mL) and anti-CD28 (CLB-CD28/1, 1 g/mL; CLB, Amsterdam, The Netherlands). Supernatants were harvested after 24 hours (IL-2) and after 72 hours (IFN-␥, IL-4, and IL-13) and then stored at Ϫ20°C until tested.
Cytokine Assays
Supernatant cytokine levels were measured using specific enzyme-linked immunosorbent assays (ELISAs). For IL-12, both the p40 subunit and the p70 bioactive heterodimer were assessed by ELISA as described. 20, 21 The assays were performed identically, except that different coating antibodies were used-MoAb C11.79 in the p40 ELISA and MoAb 20C2 (a gift from Dr. M.K. Gately, Hoffmann-LaRoche, Nutley, NJ) in the p70 assay. Recombinant human p40 and recombinant human p70 (provided by Dr. S. F. Wolf, Genetics Institute Inc., Cambridge, MA) were used as a standard, respectively. The p40 assay had a lower detection limit of 4 pg/mL. For the p70 dimer, assessed in diluted plasma samples to avoid cross-reaction with the p40 chain, the detection limit was 1 pg/mL after correcting for the dilution. IFN-␥ was measured by ELISA as described. 22 Increasing concentrations of human IFN-␥ were used as a standard, and the lower limit of detection of this assay was 50 pg/mL. IL-6 (CLB), IL-10 (CLB), IL-2 (Genzyme, Cambridge, MA), IL-4 (CLB), and IL-13 (CLB) were determined by commercially available ELISAs according to the instructions of the manufacturer.
Statistical Analysis
All data were analyzed using SPSS 7.5 for Windows 95. Comparisons between groups were made using the Mann-Whitney test (continuous variables) or Fisher exact test (categorical variables). To determine the initial effect of the surgical procedure on immune responses, the Wilcoxon rank test compared values on the first postoperative day to those at baseline within each group. Between-group differences over time were analyzed in a repeated measures design providing analysis of variance (ANOVA). To allow each patient to act as his or her own control, the patient's baseline levels were set at 100% and repeated measures data expressed as percentages from baseline. Statistical significance was defined as P Ͻ .05. Regression analysis was used to select baseline variables and/or perioperative indices that best predicted the occurrence of postoperative major infectious complications. The regression model was constructed using forward variable selection (probability of F to enter Ͻ 0.05).
RESULTS
Clinical Parameters
Demographic characteristics, factors related to nutritional status, and pathologic tumor indices were equally distributed among THE and TTE patients ( Table 1 ). In contrast, most perioperative and postoperative parameters revealed statistically significant differences between the two surgical groups. In particular, the duration of anesthesia, operative time, and duration of postoperative mechanical ventilation were significantly longer in TTE patients than THE patients (P Ͻ .0001).
White Blood Cell and Differential Counts
Baseline values of white blood cell and differential counts were similar in THE and TTE patients ( Table 2) . Leukocyte counts increased significantly after surgery in both groups (P ϭ .005 for THE and P ϭ .03 for TTE at day 1). Both procedures induced a nonsignificant increase in monocyte counts (P ϭ .2 for THE and P ϭ 1.0 for TTE at day 1), contrasting with a profound reduction in lymphocyte counts (P ϭ .007 for THE and P ϭ .005 for TTE at day 1). Between the two groups, there were no significant differences over time in white blood cell (P ϭ .5) or differential counts (Fig. 1 ).
Lymphocyte Subsets
Preoperative numbers of CD4ϩ and CD8ϩ T lymphocytes were similar in THE and TTE patients (see Table 2 ). Postoperative CD4ϩ T-cell levels were significantly reduced relative to baseline values in both groups (P ϭ .017 for THE and P ϭ .005 for TTE at day 1) and recovered within the first postoperative week only in the THE group (THE vs. TTE, P ϭ .032). Similarly, CD8ϩ T-cell values decreased significantly after both procedures (P ϭ .007 for THE and P ϭ .005 for TTE at day 1), and between-group 
Production of Monocyte-Derived Cytokines
SAC-induced IL-12 and IL-6 production and LPS-induced IL-10 production were similar in THE and TTE patients at baseline (see Table 2 ). Supernatant levels of the IL-12 p70 dimer bordered the detection limit but correlated well with the higher levels of the IL-12 p40 subunit (Spearman correlation coefficient, r ϭ 0.5, P Ͻ .0001 for 118 measured samples), indicating that p40 measurement reflected bioactive IL-12 production. The postoperative reduction in IL-12 p40 levels (P ϭ .007 for THE and P ϭ .005 for TTE at day 1) was significantly more pronounced in the TTE group than in the THE group during the observation period (P ϭ .023; Fig. 2A ). Fluctuations in postoperative IL-6 production showed an upward trend over time in both groups without significant difference (THE vs. TTE, P ϭ .4). Postoperative levels of IL-10 were significantly reduced compared to baseline values (P ϭ .047 for THE and P ϭ .005 for TTE at day 1) and were consistently lower after TTE than after THE (P ϭ .028; see Fig. 2B ).
Table 2. PREOPERATIVE VALUES OF WHITE BLOOD CELL AND DIFFERENTIAL COUNTS, LYMPHOCYTE SUBSETS, AND CYTOKINE LEVELS
Production of T Lymphocyte-Derived Cytokines
Preoperative levels of Th1-type cytokines (IFN-␥ and IL-2) and those of Th2-type cytokines (IL-4 and IL-13) were comparable between the two surgical groups (see Table 2 ). On the first postoperative day, both THE and TTE patients had significantly lower levels of IFN-␥ (P ϭ .005 and P ϭ .013, respectively), IL-2 (P ϭ .005 and P ϭ .005), IL-4 (P ϭ .037 and P ϭ .022), and IL-13 (P ϭ .009 and P ϭ .005) compared to preoperative levels. Between-group differences in IFN-␥ production over time were not statistically significant (P ϭ .40; Fig. 3A ). As for IL-2 production, although the tendency to restore preoperative values was poorer after TTE than after THE, changes over time failed to reach statistical significance between the two groups (P ϭ .055; see Fig. 3B ). In contrast, for both IL-4 and IL-13 production, between-group differences over time were highly significant (P ϭ .005 and P ϭ .007, respectively; Fig. 4 ).
Major Infectious Complications
Eight patients (two THE and six TTE patients) developed a major infectious complication after the operation, whereas 12 patients had a relatively uneventful recovery. Major infectious complications typically occurred on postoperative day 4 or 5 (range 2-9 days) and primarily included pneumonias (six patients), often in combination with other adverse events (sepsis in two patients and clinical anasto- Immune Responses and Esophagectomy for Cancer motic leakage in one patient). Two other patients developed a cervical fistula with wound sepsis. Patient characteristics such as age, gender, weight loss, and stage of disease were equally distributed among the groups with and without complications (data not shown). Also, the two groups had similar baseline values of plasma albumin (P ϭ .6), leukocyte counts (P ϭ .8), monocyte counts (P ϭ .4), lymphocyte counts (P ϭ .5), and values of lymphocyte subsets (CD4ϩ, P ϭ .7; CD8ϩ, P ϭ .3). Differences in preoperative production of IFN-␥ and IL-4 were near or at the significance level (IFN-␥, P ϭ .064; IL-4, P ϭ .045; Table 3 ). No such differences were found for preoperative levels of IL-12 p40 (P ϭ .2), IL-6 (P ϭ .8), IL-10 (P ϭ .7), IL-2 (P ϭ .11), and IL-13 (P ϭ .6).
Duration of anesthesia and operative time differed distinctly between the groups with and without complications, while the relationship between surgical technique and major infectious sequelae was not statistically significant (P ϭ .085; see Table 3 ). Other perioperative indices failed to show marked differences between the patients who had complications versus those who did not (P Ͼ .1; data not shown). In regression analysis, the final model identified duration of anesthesia as the strongest predictor of major infection after surgery, followed by preoperative IFN-␥ production (see Table 3 ). Individual IFN-␥ levels before the operation are presented in Figure 5 . Using a cut-off value of 40,000 pg/mL, low preoperative IFN-␥ production predicted the occurrence of postoperative major infection with a positive predictive value of 58% and a negative predictive value of 88%.
DISCUSSION
Depression of host immune responses after major surgery has been reported. 3, 23, 24 To date, there are no randomized data comparing the immunosuppressive effects elicited by two standardized major surgical interventions. The random allocation of our patients enabled us to evaluate host immune responses after limited transhiatal esophagectomy (THE) versus extended transthoracic esophagectomy (TTE) 
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van Sandick and Others with unbiased patient selection for either one of the surgical techniques. Potentially confounding factors such as age, stage of malignant disease, and nutritional status were comparable between THE and TTE patients. Similar immune functions before surgery in THE and TTE patients were confirmed by baseline measurements. This allows us to conclude that the extent of the operative procedure was the initiating factor in providing postoperative differences between the two surgical groups.
Clinical monitoring of the extent of surgical trauma for THE versus TTE patients (in other words, for laparotomy without thoracotomy vs. laparotomy with thoracotomy) revealed significant differences with regard to the duration of anesthesia, operative time, and amount of blood transfusion. Tissue injury itself, but also anesthesia and blood transfusion, have been shown to compromise host immune functions. [25] [26] [27] In the present study, it is possible that a cumulative effect of these immunosuppressive events has led to different degrees of depressed immune responses after THE versus TTE.
Both THE and TTE severely depressed host immune responses, which is in line with published observations of other investigators who studied alterations in immune defense after esophageal resection. 28 -30 Our data demonstrate that THE and TTE differentially altered both monocyte and T-lymphocyte functions, as supported by distinct changes in cytokine production between the two surgical groups.
While postoperative monocyte counts showed an upward trend unaffected by the surgical approach, their ability to produce IL-12 and IL-10 decreased significantly, with TTE showing a greater impact than THE. In contrast, monocyte release of IL-6 gradually increased in both groups, indicating that postoperative IL-12 and IL-10 deficiencies did not reflect a general defect of monocyte cytokine production. In this study, esophageal resection selectively induced specific functional deficits of monocytes that varied in severity along with the extent of the operative procedure.
A postoperative decline in numbers of (CD4ϩ) Th cells recovered earlier to preoperative levels in THE patients than Immune Responses and Esophagectomy for Cancer in TTE patients. Importantly, functional analysis of T lymphocytes demonstrated discernible patterns of impaired Tcell cytokine secretion after THE versus TTE. During the observation period, downregulation of IL-4 and IL-13 production (Th2-type cytokines) was significantly more severe after TTE than after THE. Conversely, the two operations similarly impaired production of IFN-␥ and IL-2 (Th1-type cytokines). Thus, the extent of the surgical procedure had a differential immunosuppressive impact on Th2-type but not on Th1-type cell activity, indicating that the two Th-cell pathways were depressed through distinct mechanisms. It revealed that functional deficits, rather than reduced cell counts only, contributed to the postoperative reduction in T-cell cytokine production after THE versus TTE. A generalized depression of both Th1-type and Th2-type immune functions has been described previously in a series including various major surgical operations. 3 Others have studied host immune functions after open cholecystectomy and reported that only Th1-type responses were depressed. 1, 2 After laparoscopic cholecystectomy, Th-cell cytokine production was significantly less affected. These data from the literature suggest that the extent of postoperative immune depression is related to the extent of the surgical trauma. Likewise, in our series, limited THE interfered less with host immune responses than extended TTE.
Studying immune responses in surgical patients includes the challenge to address their clinical context. The Th1/Th2 concept, although criticized for its unjustified oversimplification, has proved useful to understand different types of protective immunity or, instead, adverse reactions if dysregulated. 13 Several studies have shown that unbalanced differentiation of Th1 and Th2 cells during an immune response may lead to severely impaired host defense against various pathogens. 9, 10 In the present study, we found evidence for a prolonged depression of Th2 responses after TTE compared to THE. Short-term results of a clinical trial describe an increased prevalence of infectious complications after TTE versus THE. 16 It underlines that continued inability of Th2 cells to counterregulate Th1 responses or promote antibody production is an important mechanism of failing host immunity against postoperative infection after major surgery.
The first clinical signs of major infectious complications were invariably preceded by a significant decline in host immune functions shortly after esophagectomy. This sequence of events seems to support a causative relation. However, all patients, including those with an uneventful recovery, manifested a severe disruption of host immune functions following the operation. It thus appears as though the patient's susceptibility to infectious complications is not solely determined by the severity of the surgical trauma and its immunosuppressive sequelae. In an attempt to delineate why infection occurs in certain patients but not others, we reasoned that the patient's immune status before surgery may be an associated factor in predicting postoperative infectious complications. Saito et al demonstrated that pre-operative lymphocyte activation with phytohemagglutinin (PHA) was significantly lower in patients with fatal septic complications of esophagectomy than in those without such complications. 31 In our study, preoperative IFN-␥ production acted as an independent predictive variable for the occurrence of postoperative major infection. IFN-␥ is the hallmark of Th1 polarization. 2, 9, 10 The capacity of T cells to release this key cytokine, in patients awaiting esophagectomy, thus appeared critically important in the early resistance to infectious complications. It implies that a functionally defective T-cell response before the operation can set the stage for a postoperative course with infectious complications. Alternatively, an inborn genetic basis involving the IFN-␥ receptor may, in part, be responsible for the diversity of host immune responses to injury. 32 Davis et al 32 recently reported on the possible role of the IFN-␥ receptor 1 gene in predicting major infection following trauma. Microsatellite polymorphism near the gene encoding for this IFN-␥ receptor correlated strongly with an infectious outcome in severely injured patients. In our patients, IFN-␥ levels less than 40,000 pg/mL on T-cell stimulation predicted an increased susceptibility to postoperative major infectious complications. We therefore postulate that operative risk assessment in patients scheduled for esophageal resection would benefit from preoperative IFN-␥ measurements.
CONCLUSIONS
Our study results show that the severity of depressed monocyte and T-lymphocyte immune responses following esophagectomy is related to the extent of the surgical trauma. THE and TTE had a similar impact on Th1-type responses, whereas (counterregulating) Th2-type responses were less affected by THE than by TTE. Compromised T-cell cytokine (IFN-␥) production before the operation predicted an infectious outcome, and its effect is presumably superimposed on the immunosuppressive sequelae related to the extent of the surgical procedure.
